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ABSTRACTh

Under ARO Contract DAAG29-83-C-0013, United Technologies Research Center

has conducted an investigation of the feasibility of utilizing visible excimer
molecule fluorescence as a medium for flat panel plasma displays. Because
large area ac plasma panels based on the Owens-Illinois Digivue" design are
the industry standard, panels of that type were used for test purposes

throughout the program.

A screening of potential excimer candidates indicated that XeO and XeF

offered particular promise, and attention was focused on those two. The XeO
and XeF excimers emit broadband radiation centered at 540 nm and 480 nm,
respectively. The single most significant outcome of this research was the
demonstration that visible fluorescence from these excimers can be generated
at a luminance level equivalent to that of the standard Ne-Penning mixture,
albeit at a lower luminance efficiency.

Our results with XeF are particularly significant. It was found that a
variety of colors, varying continuously from pink through "white" to blue, can
be produced by combining neon line emission with the broadband XeF emission in

a mixture comprised of Ne, Xe, F2 and Kr. A specific color or white is
obtained by changing the relative proportions of the rare gas mixture consti-
tuents. The ability of XeF-based mixtures to produce emission over a large

portion of the visible spectrum suggests that color ac plasma panels may be
possible through use of an optical switching device or using an array of
micro-filters to form a pixel. However, the key issue that will determine the
viability of XeF displays is one of device lifetime using mixtures containing
F2 . We conclude that in order to justify the additional effort and expense

required to capitalize on XeF properties, a specific concept must emerge that
has recognized potential for a full color or multi-color display.
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I. INTRODUCTION (

3 A. Background

Because of the uniquely favorable electrical and optical properties of

glow discharges in neon, practically all commercially available flat panel
plasma displays use a neon gas fill (Ref. I). Indeed, in ac plasma panels %
the combination of the well known Ne-Penning mixture with the efficient,
durable MgO electron emitting layer results in a very low firing voltage
(1 100 V) and a relatively high luminous efficiency (- 0.5%) (Refs. 2 and 3).
However, the neon transitions in the 580-700 nm region of the spectrum produce
a reddish-orange color that is unsuitable for certain applications. There-
fore, it would be highly desirable if gas mixtures capable of producing other
colors could be found, while retaining the advantages of the now well devel-
oped ac plasma panel technology.

Since practically all gas discharges emit visible radiation, in princi-
ple, the easiest way to generate colors other than Ne orange is to change the
gas mixture (Ref. 1). Ahearn and Sahni (Ref. 4) investigated helium-based
Penning mixtures containing a variety of heavy rare gas and/or atmospheric

dopants. When excited using a conventional ac plasma panel (MgO surface),
those mixtures exhibited electrical characteristics and luminance levels
generally similar to Ne-Penning mixtures, and violet, blue and white colors
were obtained. However, in order to produce luminance levels comparable to
that of a Ne-Penning mixture, excitation frequencies an order of magnitude
higher were required. Thus, the luminous efficiency of such He-based mixtures
is very low, a reflection of the fundamental fact that only a very small
percentage of the fluorescence lies in the visible region.

Sahni (Ref. 5) also experimented with mercury seeded argon mixtures.
Blue and green Hg line emission were produced at luminance and efficiency

levels significantly higher than those of Ne-Penning mixtures operating at the
same repetition frequency. Additionally, the firing voltage and memory margin
were similar to those of conventional Ne-based mixtures. However, although
the luminance and luminous efficiency levels were the highest ever observed
for an ac plasma panel mixture, elevation of the panel temperature was
required to optimize the Hg vapor concentration. Because of the strong depen-
dence of Hg vapor pressure on temperature, both electrical and optical proper-
ties of the Ar/Hg panel exhibit variations in response to changes in tempera-
ture.

Additionally, other colors, and possibly multi-color emission, can be
produced by using gas discharge generated electrons or UV radiation to excite

phosphors (Ref. 1). This approach has been the subject of investigation for

many years, and is currently being explored by several organizations.

Although promising, phosphor excitation by low energy electrons/photons
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requires a significantly more complicated plasma panel configuration than is
characteristic of the Ne-filled panel. For that reason, in the present work
we have concentrated on alternate gas fills intended for use in plasma
panels of conventional design.

B. Exciser Mixtures

Over five years ago we began exploring the feasibility of utilizing
excimer molecule fluorescence for ac plasma panel applications (Refs. 6
and 7). Excimers are excited species that are not stable in the ground elec-
tronic state; and therefore they are not present in the initial gas mixture.
Presented in Fig. 1 is an illustration of a typical potential energy diagram
for an excimer molecule. Because excimer molecules can be produced effi-
ciently in electrically excited gases and have no stable ground state, for
nearly twenty years they have been the subject of intense investigation for
application as UV/visible laser media (Ref. 8). Indeed, low power UV excimer
lasers are commercially available from several manufacturers, and the DoD
currently supports many research and development programs directed toward
scaling of excimer lasers to larger sizes and higher output energy levels.
United Technologies Research Center has an extensive background in this area.

Our initial screening of excimer candidates having promise for display
applications focused on molecules of the rare gas-halide and rare gas oxide
classes. Excimers such as XeF, Kr2F, Xe2Cl and XeO exhibit strong emission in
the visible region of the spectrum. Typical emission spectra for XeF, Xe2CI
and XeO are presented in Fig. 2. The exceptionally broadband emission of
these molecules reflects the strongly repulsive nature of the terminal state
(Fig. 1). This is in contrast to the red and yellow line emission from the

atomic transitions in Ne (Ref. 3), which result in the characteristic orange
color of conventional plasma panels. However, a more significant difference
between visible emission produced from a rare gas atom, e.g., Ne, and an
excimer molecule is that the radiating excimer is not present in the initial, "7
unexcited gas mixture. Rather, the excimer molecule must be produced by
discharge generation of excited and ionized species which subsequently react
to form the excimer.

Initial efforts to demonstrate "proof-of-principle" for the UTRC excimer
display concept focused on the Xe2Cl molecule producing blue-green emission -'

centered at a wavelength of 490 nm (Ref. 6). That early work was encouraging,
resulting in a U.S. patent (No. 4,549,109), and provided the basis for the
present contract which was directed toward investigating the practical
feasibility of utilizing excimer molecule fluorescence for plasma panels of
conventional design. Under the present contract, our research has been
focused on two excimer molecules, XeO and XeF, both of which exhibit charac-

teristics of special importance for displays. The green XeO emission is

2..
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r4 P
centered at 540 nm (Fig. 2) and provides an exceptional match to the response
of the eye. The C A transition of XeF is in the blue-green region centered at
480 nm. The XeF excimer can be produced with high efficiency in an electric
discharge, therefore offering promise for high brightness and efficiency.

Section II of this report presents a discussion of the experimental
apparatus and procedures typical of our work with both XeO and XeF. Specific
details and results for XeO and XeF are presented in Sections III and IV,
respectively. The current state of affairs along with discussion of our
conclusions is presented in Section V with a prognosis for future develop-
ment.
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II. EXPERIMINTAL APPARATUS

E
A. AC Plasma Panel

All experiments were performed using standard production ac plasma panels

that are basically identical in design to those manufactured by United

Technologies' Norden Systems for several Army C3 programs. Minor modifica-
tions (described in Sec. IV) were made to perform experiments using excimer
mixtures. Figure 3 shows a photograph of a panel manufactured for UTRC by

Electro Plasma, Inc., (EPI), one of Norden's second source suppliers of panels
that use a Penning mixture. The overall dimensions of the panel are 33 cm x

20 cm with an internal active display area of 25 cm x 12.5 cm. External leads

for electrically addressing the pixels are visible around the edges. Also
visible is a sealed glass tubulation used in the original manufacturing
process to bake and evacuate the gas space inside the panel and to admit the

desired pressure of gas - a Penning mixture comprised of Ne + 0.15% Xe (or Ar)
at a total pressure of 375 torr. Panels were mounted on a "homemade" stand as
shown in order to facilitate electrical and optical measurements.

Figure 4 is a schematic illustration of the construction of an ac plasma %

panel of the Owens-Illinois Digivue'T design. Two heavy glass plates 6 mm
thick are sealed around the edges to form a gas space for the plasma-

sustaining gas mixture. Small glass spacers (about 50 mm apart) are used to

keep the interior spacing constant at about 100 microns. Parallel metal
electrodes run horizontally on one glass plate and vertically on the other
with the cross-over regions defining individual pixels. The electrodes are

about 75 microns wide and are spaced on centers about 0.5 mm apart. Half of

the electrodes are addressable from the left and right (top and bottom) sides
of the panel, resulting in about 400 pixels per cm2. On the right side of 4l

Fig. 4 is shown the details of the inner-surface layer of each glass plate.
On a standard panel there is a thin (typically 5 microns) dielectric (quartz)

deposited over the glass substrate (and electrodes), over which is deposited Z

an additional protective layer of MgO (- 0.2 microns) which serves as a good
electron emitter for Penning mixtures. The MgF 2 layer indicated in Fig. 4 is

a thin passivation layer formed when F2 has been admitted to the panel for XeF
experiments to be described in detail in Section IV. Details of the ac opera-

tion of such a panel are discussed thoroughly elsewhere (Ref. 1), and we will
draw heavily on that work, when necessary, in order to discuss operating

parameters such as on/off voltages, voltage "margins" (i.e. Von-Voff), sustain
voltages, and voltage repetition rate (operating frequency).

Figure 5 is a schematic of pixels on an enlarged scale. The "light

collection circle" shown was chosen (by adjusting the optics in our single

pixel luminance measuring apparatus) to be 0.006" (152 microns) in order to

approximate the resolution of the human eye at a viewing distance of 21 inches

(i.e., I minute of arc).

6
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Figure 4. Schematic illustration of a plasma panel in an

exploded view. The MgF 2 covering the MgO layer as
illustrated to the right is a passivation layer of a few
monolayers thickness. The MgF2 layer results from

passivation and operation with mixtures containing F2 as
described in Section tV-B.
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collection circle as described in Section IV-C.
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B. Gas Handling

Figure 6 shows the gas handling system. The system was constructed

largely of ultra-high vacuum components in order to maintain maximum cleanli-

ness and gas purity when preparing test mixtures. The main chamber was pumped
with a CIT-Alcatel turbopump system that could routinely produce pressure in

the 10- 7 to high 10-8 torr range. Pressures were monitored with a Varian
Model 843 gage controller and a Varian Model 928-1000 Residual Gas Analyzer

(RGA). Higher pressures (when preparing mixtures) were measured with Wallace-

Tiernan dial gages (0-50 and 0-1000 Torr) which could be isolated with valves

as requi.red. A liquid nitrogen CLN 2)-trapped forepump was used in parallel

with the turbopump for initial high flow pump-downs from near-atmosphere

pressures. Various high purity gases for preparing mixtures could be intro-
duced through four valved inlet ports to the main mixing chamber.

Z:
The main mixing chamber had a rotating vane-magnet assembly in the

chamber which was driven by means of an external rotating magnet (in a

hotplate). The moving vanes served as a "fan" to facilitate mixing of multi-

ple component mixtures in the chamber. A fifth port/valve assembly served to

introduce gases into the plasma panel, which also had a parallel pumping path
available to the turbopump. Connection of the gas line to the panel was made
through the pump-out port shown in Fig. 3. The actual assembly was accom-

plished in a glove box to prevent air or water vapor from entering the panel
gas space. A typical operating procedure was to pump out the mixing chamber,

gages, and panel to a pressure of 10- 7 Torr or less prior to each experiment.

Gases were then introduced into the mixing chamber in the desired proportions
and mixed for a suitable length of time. We found that 1/2 hour of mixing was

adequate, but generally the gases were mixed for an hour or more. After

mixing, gas was admitted to the evacuated panel for experimentation.
Generally a gas charge was admitted to the panel, and then the panel was again

pumped hard before putting in the final gas charge -i.e., the panel was A

"flushed" with each mixture before taking data.

Figure 7 shows the overall experimental arrangement with a panel in
place. Shown in the background is a dc power supply and a pair of UTRC-

constructed square-wave generators for applying the square wave ac voltage

across the panel. A Tektronix oscilloscope was used to track the waveform and

monitor other electrical signals as described below. The square-wave genera-

tor system can produce square waves of amplitude up to 450 volts (900 V, P-P)

at frequencies from about 6 kHz to 500 kHz. A pair of IRCO Model 956SUT High
Voltage Pulse Generators were used for experiments on the effects of waveform

on performance.

J

10
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C. Optical Measurements

Individual pixel luminance measurements were made using a UDT Model 255

Si detector connected to a UDT Model 550 Optical Power Meter. On the detector
was mounted a UDT Model 1157 Photometric Filter. A UDT 1120 Reflex Viewing

telescope was adjusted to focus on a 152 micron (0.006") diameter circle as
illustrated in Fig. 5. Power meter readings in dB were converted to relative

luminance and eventually related to units of foot lamberts using a standard

Norden Systems' panel as a reference. Sometimes, for convenience, the
detector-filter assembly was simply placed against the lighted patch on a

panel (typically a patch of 1024 lighted pixels about 3 cm square), and
readings taken in dB. Careful calibration tests showed that those measure-

ments tracked the individual pixel measurements well.

During the latter stages of the program a Minolta Chromameter II was
acquired -ir measurement of specific colors. This instrument yields relative

luminance and color coordinates (1931 CIE or 1976 CIE standards) in a single

measurement. Luminance values so obtained were in accord with those obtained

using the UDT instrument, so that eventually the Chromameter was used
exclusively.

For spectroscopic measurements, a Jarrell-Ash 82-020 0.5 meter McPherson
type scanning monochromater was used, which was coupled to a lighted test

patch by means of a sapphire light pipe. The detector was a UDT-555 "Photop"
silicon photodiode with a built-in op-amp, the output of which was recorded on

a Mosley 680 chart recorder. Scan rates were typically 250 A/min. The

"Photop" was also used for measuring the time evolution of light pulses asdiscussed in Secs. III.

'%]

u
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III. XeO EXCIMER RESEARCH

The XeO excimer is produced in electrically excited mixtures comprised of
Xe and 02. Both Xe and 02 are species that have been used in plasma panels
(Refs. 1 and 4), and should be compatible with interior panel materials. For
that reason our attention was focused first on XeO excimer emission.

A. IeO Kinetics

The long-lived (~l sec) O(OS) atom, produced by dissociative excitation
of 02 or by excitation of ground state oxygen atoms, is known to form
transient radiating molecular species with the rare gases (Refs. 9, 10),
i.e.,

O(Os) + 2RG + RGO* + RG (1)

The transition probability of the rare gas-oxide excimer so formed is five-to-
si: orders of magnitude larger than that of the oxygen 1S+ID green auroral
transition at 557.7 nm (Refs. 9, 11). Thus, in certain rare gas-oxygen
mixtures, this collisional-radiative process results in a broadened and
slightly shifted O(OS) emission, which is greatly enhanced in intensity and
which occurs in the visible region. Vibrational analysis of rare gas oxide
emission spectra shows that the ArO and KrO excimers have a very small binding
energy (<< kT), while XeO is bound by -0.06 eV. Because of its relatively
large binding energy, over the years XeO has been the subject of investigation

for use in laser applications (Ref. 12). For the same reason, in the present
work XeO was considered a prime candidate as a display medium.

The schematic potential energy curves for the XeO states (Ref. 11) of
importance are shown in Fig. 8, which illustrates the 'E+ - 'E+ green band
transition and also shows the very weak (< 0.1 eV) bonding of the radiating
2 1E+ XeO state. Presented in Fig. 9 is the XeO 2 1E+ - 1iE + "green-band"

emission spectrum. Also shown for comparison are the scotopic (dark adapted)
and photopic eye response curves, along with the emission spectrum of P-i (or
GJ) phosphor (Ref. 1). Clearly, the XeO emission spectrum is exceptionally
well matched to the response of the eye under all ambient viewing

conditions.

1. XeO Formation

The XeO(21 E+) excimer (Fig. 8) is produced by electrical excitation of
relatively high pressure (5 1 atm) Xe containing a small (-0.1%) concentration
of an oxygen bearing species, 02 in the present case. Under such conditions

14
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discharge modeling shows that the primary reactions in the excitation
sequence resulting in XeO green-band emission are as follows:

e + Xe + Xe + e (2a)

Xe* + 02 + 0(3 p) + O(Os) + Xe (2b)

O(IS) + 2Xe XeO(2 1r+ ) + Xe (2c)

XeO(2 1E+ ) + XeO(IIE + ) + hv, 450-575 nm (2d)

For typical electric discharge conditions, Xe* formation is a very efficient U
process. Moreover, for the conditions of interest here, the primary loss
process for Xe* is dissociative quenching by 02. Unfortunately, the
principal products of Xe - 02 dissociative quenching are O(ID) and O(3p),

rather than O(Is), the precursor of XeO(21E + ) (Ref. 13). In fact, the

branching fraction for O(1S) formation has been shown to be only -1%, a factor
significantly limiting the potential luminous efficiency of an XeO-based

display. Other, more efficient, sources of O(OS), such as N20, have been used
with considerable success in laser applications, with photodissociation of N 0 %
providing an efficient source of O(Ps) (Ref. 12). However, for display
applications, N20 photodissociation does not appear to be a practical means of

producing O(OS), and irreversible reactions occur which would also render use

of N20 difficult.

2. O(0S) Loss

For Xe pressures of the order of an atmosphere the equilibrium between

XeO(2 1E+ ) and O(OS) is established on a -10 nsec time scale. Moreover, I.
because XeO(2 1E+ ) is bound by only -0.06 eV, the equilibrium favors OC'S).

For example, for XeO in one atmosphere of Xe at room temperature, XeO
represents only -2% of the total XeO (21E + ) *-* O(1S) population. Nonetheless,

because the radiative transition probability of XeO is more than 106 times

greater than that of O(OS), the desired XeO green-band emission is by far the
dominant radiative loss of the XeO 4'(ls) system. In order to utilize
this characteristic efficiently it is essential that collisional deactivation

of O(Os) by medium constituents be small compared to the loss of O(OS) though
the XeO green-band transition.

Electric discharge excitation of 02 gas mixtures containing 02 is an
efficient source of metastable 02(alA ) which has a lifetime of
approximately sixty minutes. Since afAg is exceptionally difficult to

quench by either atomic or molecular species or surfaces, in discharge excited
02 the alAg population rapidly reaches an equilibrium level typically 5-20%
of the ground state 02 concentration (Refs. 14-17). Relatively recently it

.'%
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I.

has been learned that 0 2 (a
1Ag) is a strong deactivator of O('S), having a

rate coefficient of -2.0 x 10- 10 s-1 cm3 (Refs. 17-19). For 02 fractional

concentrations of a few tenths of one percent in Xe at atmospheric pressure,

this implies that the collisional deactivation rate of O(Os) by a1Ag will have

a characteristic time of < 10-6 sec, compared to the effective radiative
lifetime of the O(1S) 4-XeO combination of _10 - 5 sec under the same

conditions. As regards luminous efficiency, this is very significant, since
it means that on the order of 90% of the O('S) produced will be lost by

collisional processes rather than by way of XeO radiation.

Figure 10 provides confirmation that O(OS) collisional quenching is
dominant for the conditions to be discussed in subsequent sections. That

figure shows the measured temporal decay of XeO fluorescence and that computed

assuming an quasi-equilibrium 02(alAg)/0 2 ratio of 0.15, a value typical of
discharge excited media (Refs. 14-17). The computed value is normalized to

the data at the peak. Clearly, the computed temporal evolution of XeO
fluorescence is in very good agreement with that observed experimentally, both

indicating a characteristic decay time of -400 nsec, in marked contrast to the

effective -10 Usec XeO-O(S) radiative lifetime for these conditions.

B. Experimental Procedures

Mixtures comprised of Xe and 02 were prepared at pressures of >600 Torr

and mixed using the procedures described in Section IIB. For a desired panel

operating pressure, P, the pressure in the mixing chamber was adjusted to a
value -3.0% above P, and then the valve was opened to aomit the mixture to the

previously evacuated panel. Early experimental results were not reproducible

until we realized the importance of the interaction of the plasma and the MgO

surface, which altered both the 02 content of the gas phase and the 71

stoichiometry of the MgO surface. Subsequent measurements were then made only

after long prior conditioning of the panel surface.

Measurements were carried out using one of two surface preparation

conditions to be referred to as "high" conditioning and "low" conditioning.

"High" conditioning involved saturating the oxygen content of the MgO surface
by operating the panel for about an hour with a Xe-0 2 mixture containing about

5% 02, an 02 level found sufficient to saturate the surface. "Low" condi-
tioning involved a similar treatment with pure Xe which resulted in P Mgk)
surface deficient in oxygen. It was also apparent that small amounts !.

contaminants could drastically alter results; in that regard, RGA measnremtl ,

of gas composition following each run provided a useful measure on the quilztv

of experimental results.
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C. Experimental Results "

1. Paschen Curves

Figure 11 shows Paschen curves for a Xe-0 2 mixture initially

containing about 0.2% 02. Provided panel surface conditioning was complete,

the curves for other 02 concentrations were not very different. Figure 11
shows clearly that the voltages for "low" conditioning are lower than for
"high", especially the "on" voltages (ignition). "On" voltages were not
measured for pressures corresponding to voltages exceeding -440 volts because
of the limitation of our square wave generator. We were able to measure "off"
voltages for higher pressures by first turning up the voltage and then

admitting the gas slowly to get a "light" as the pressure in the panel passed

through the minimum in each Paschen curve. Once ignited, the panel remained
lit as the pressure increased to the preselected value. The observed "bump"
in the "off" curve for pressures near 200 Torr for "low" conditioned panels :
was found to be reproducible, but is not understood. Another observation

apparent from Fig. 11 is that the voltage margins (Von-Voff) and operating
voltages are high, a factor resulting in a high power consumption.

2. Luminance Measurements

Measured luminance values were found to be dependent both on prior
conditioning and on time of operation following the initial "light". Figure

12 shows a typical luminance time dependence. The initial decrease in
luminance, an effect believed due to gas heating, was followed by an eventual

saturation level. These time regimes are referred to as "early" and "late" in ;
the figure and in subsequent discussion.

Figure 13 shows the luminance vs. initial oxygen concentration for a

Xe pressure of 500 torr and a repetition frequency of 200 kHz for a "low

conditioned" panel. Over the complete range of test concentrations, "late"
operation, occurring "10 min. after test initiation (Fig. 12), results in a

luminance level about 1/2 as high as "early" operation. The peak luminance
was found to occur at about 0.25% 02 for both time regimes. Figure 14 shows

luminance data for "late" operation for "high" and "low" conditioned panels.
"High" conditioning moves the luminance vs. concentration peak down to an

initial 02 concentration of -0.1%. Moreover, for the "high conditioned" case,
the XeO luminance is. essentially the same with no 02 initially present in
the mixture. This result clearly shows that the exchange of 02 between the
gas phase and the MgO surface is very significant, resulting in an 02 gas
phase concentration nearly the same as required to optimize XeO emmission.

The data of Fig. 14 were obtained using a different set of test pixels

than those shown in Fig. 13. Comparison of these figures shows that the "low
conditioned" results are somewhat different for the two cases. Thus, it U
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Figure 11. Paschen curves for a 500 Torr Xe-0 2 mixture

having an initial 02 fill fraction of 0.2%. "On" and "off"

refer to panel ignition and extinction, while the

designations "high" and "low" refer to the panel preparation

condition as described in Section III-B. "On" voltages

higher than 440V could not be obtained because of power

supply limitations.
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Figure 12. Luminance temporal decay for a "low conditioned"

panel operating at 200 kHz with a 500 Torr Xe-0.2% 02

mixture. Also shown for comparison are the luminance values

of a Ne-Penning mixture. The initial decrease in the "early"

time regime is thought to be the result of gas heating

accompanied by thermal decomposition of the weakly bound XeO

exc imer.
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Figure 13. Dependence of luminance on initial 02 fill

concentration for a "low conditioned" panel operating at

200 kHz with a Xe pressure of 500 Torr. The designations
"early" and "late" refer to the temporal decay regions

indicated in Fig. 12.
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Figure 14. Dependence of luminance on initial 02 fill

fraction for a panel operating at 200 kHz in the "late"

regime (Fig. 12). The designations "low" and "high"

conditioned refer to the panel preparation technique as

described in Section III-B.
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appears that an additional history dependent parameter is also at work, -.%
although we have not identified the specific cause of the difference exhibited

by the data of Figs. 13 and 14.

The luminance data discussed above were obtained at a Xe pressure of 500
Torr. Formation of XeO excimers is a second order pressure dependent-process

(Eq. 2c), so one would expect a strong pressure dependence of the luminance
under "otherwise similar" conditions. However, totally reproducible

experimental conditions are difficult to obtain when history, voltage, and
frequency dependent phenomena are occurring. Nonetheless, we have generated
many plots of luminance vs. pressure that indicate a pressure-squared

dependence, one of which is presented in Fig. 15. These data indicate that
luminance values about twice those shown for 500 Torr could be obtained by

operating at atmospheric pressure.

Increased luminance can also be obtained by operating at higher

frequencies, but above 200 kHz the luminance is no longer linear in operating
frequency. Figure 16 shows that above 250 kHz luminance begins to decrease.
We believe that the this behavior is most likely the result of heating of the
gas so that the XeO excimer molecule becomes less stable (Fig. 8). At the -

higher frequencies the panel was found to be hot to the touch. Indeed, one

test panel was cracked by operating at 500 kHz.

Finally, we have measured the time evolution of light pulses for a
variety of conditions. Oscilloscope traces of the emission pulse train are
shown in Fig. 17. Adjacent pulses differ in size, leading us to believe that
light is emitted in a region very close to each MgO surface. The brighter
pulses come from the side of the panel more distant from the viewer (or
measurement instrument) which are less affected by electrode blockage.

Correlating this observation with voltage polarity shows that the light is

emitted close to the electrode that is negative - not a surprising
conclusion. Similar behavior was observed for Ne-Penning mixtures, indicating
that such behavior is fundamental to the operation of ac plasma panels,
independent of gas mixtures.

O

I '
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in the "late" temporal regime (Fig. 12).
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IV. XeF EXCIMER RESEARCH S

We now turn our attention to the XeF excimer which exhibits broadband
emission centered at - 475 nm, and can be produced in mixtures containing Xe -
and F2. Our results for XeF-based excimer mixtures were particularly
interesting and encouraging. Using a variety of mixtures we have demonstrated
ac plasma panel luminance levels higher than those of the standard Ne-Penning
mixture/MgO surface combination excited at the sme repetition frequency
(50 kHz). Although the experiments carried out to date required operating
voltages higher than those of the Ne-Penning/MgO combination, resulting in .. ,
luminous efficiency levels that are presently 1/3 to 1/10 times lower, the
reduced efficiency level is predominantly the result of changes in the MgO
electron emitting layer as modified by the presence of F2, rather than a
fundamental limitation of the excimer gas mixture. Indeed, the luminous
efficiency levels of Ne-Penning mixtures and XeF excimer mixtures were found
to be comparable for the same interior panel surface conditions.
Moreover, the XeF based excimer fluorescence exhibited a range of colors
continuously variable from pink through white to blue by way of very simple
mixture changes. Thus, various colors, and possibly multi-color operation,
may be possible within the basic framework of current ac plasma panel
technology or reasonable extensions thereof. In the sections to follow the
physics of XeF excimer formation is described, along with our experimental
results and a discussion of materials issues.

A. XeF Exciner Kinetics

1. XeF Formation

As discussed in Section I, research interest in the physics of excimer
molecules has been intense because of their utility as UV/visible laser media.
Of this class of molecules, the rare gas halides have received the most
attention because of their unsually high formation efficiency when produced in
an electric discharge (Ref. 8). The primary rare gas halide transitions are
in the UV region (- 190-350 nm), with the exception of XeF which also exhibits
a strong, broadband visible wavelength transition.

In a discharge excited mixture comprised of a rare gas background (RG) i.-.
and small amounts (< 1%) of Xe and F 2, the two lowest energy ionic states of

XeF, B (1 - 1/2) and C (f - 3/2), are produced primarily by way of the
following reaction sequence:

e + Xe *Xe + e (3a)

N.o,
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+ Xe+ + 2e (3b)

RG* + Xe + Xe* + RG (4a)
WI

+ Xe+ + e + RG (4b)
We

Xe + F 2 + XeF(B,C) + F (5a)

Xe + + F- + RG + XeF(B,C) + RG (5b)
p.'

Ultraviolet and visible emission results from radiative transitions

terminating on the dissociating XeF X01 - 1/2) and A (i = 3/2) states,

respectively, i.e.,

XeF(B) + XeF(X) + hv, 351 nm (6a) w

XeF(C) + XeF(A) + hv, 400-600 nm (6b)

The UV transition is of interest for laser applications (Ref. 8) and will not

be discussed further.t
4.

2. leF Vibrational Relaxation y

Figure 18 illustrates the XeF C and A potential curves of present

interest. Reactions (Sa) and (5b) result in the formation of XeF B and C in
very high vibrational levels (Refs. 20, 21) as indicated in the figure.

Although not shown in Fig. 18, the XeF(B) potential curve is nearly coincident
with that of the C state, with the C state lying approximately 0.1 eV lower

in energy. For this reason, collisions with background rare gas atoms rapidly
transfer energy between the vibrationally excited XeF B and C states, strongly
favoring population buildup of XeF(C). Vibrational relaxation of XeF B and C,

also the result of the collisions with the background gas, occurs simulatane-

ously with the XeF(C) population buildup due to B-C mixing (Refs. 20, 21).

For the high pressures typical of laser applications (p > 2 atm), nearly

complete vibrational relaxation occurs in a time much less than the 100 nsec
radiative lifetime of XeF(C). In that case, a room temperature Boltzmann

tThe 351 nm wavelength of the XeF(B+X) transition is significantly longer

than the rare gas dimer emission (< 200 nim) often used to excite phosphors,

and may be well suited for that application, either alone or in conjunction

with the visible XeF(C A) transition.
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vibrational distribution is established prior to XeF(C+A) radiative decay, and
a broadband C+A emission spectrum centered at 475 nm results, having a spec-

tral width of - 70 nm (FWHM) (Refs. 20-22). However, for background gas

pressures below one atmosphere, the pressure range of interest for
displays, the time required for XeF(C) vibrational relaxation is approximately
the same as the 100 nsec spontaneous decay time, with the result that the two
processes occur simultaneously. Because higher vibrational levels are then
involved in the C+A radiative process, and since the terminal XeF(A) state
passes close to XeF(C) at reduced internuclear separation (Fig. 18), both
shorter and longer wavelength emission results. The broadening effect on the
visible spectrum when high XeF(C) vibrational levels contribute to the C A
fluorescence (i.e., Tv >> 300 "K) is illustrated in Fig. 19.

Vibrational relaxation of the XeF B and C state manifolds has been
studied extensively (Refs. 20, 21), and it has been found that for background A
gas pressures less than atmospheric, Ne and He are relatively ineffective at
relaxing the XeF(C) vibrational levels. However, Ar and Kr are very much more
effective, particularly Kr. Since the presence of Ar and Kr is also com-
patible with efficient XeF formation (Ref. 23), this indicates that the degree
of XeF(C) vibrational relaxation (i.e., TV), can be controlled by judicious
selection of rare gas background constituents. Thus, XeF(C A) spectral -

properties and therefore display color can be varied by simply changing the
gas mixture.

B. Procedures for XeF Experiments

In addition to the general procedures described in Secs. II and III, for
the XeF research it was necessary to account for the high chemical reactivity

of F2. Prior to experimentation with each test panel, the interior surface of
the panel and all vacuum system parts exposed to excimer mixtures were passi-
vated for several days by filling the system with several hundred Torr of
a He-5% F 2 mixture which was flushed and changed frequently. Most of the

experimental results to be described subsequently were obtained using a
conventional panel produced with an interior surface of MgO in the display
region. We believe that the F2 passivation procedure converted a few
monolayers of the MgO surface to MgF 2 as illustrated in Fig. 4. Regarding
the effect of F2 passivation on other interior materials, such as the glass
edge seal and the connection to the gas handling system, subsequent experimen-
tation revealed that the passivation was not complete. However, temporal
changes in electrical/optical properties, implying a change in F2 concentra-
tion, were not observed until after several hours of continuous operation,
a circumstance providing more than enough time for careful, systematic evalua-

tion of XeF display properties. Considering the nature of the experimental
arrangement and the fact that panel interior materials were not designed to be
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F2 compatible, we consider the observed degree of materials/mixture compati-
bility to be encouraging, a topic to be discussed in more detail in subsequent
sections.

C. Results

1. Emission Properties

After completion of the passivation procedure described above, the test

panel was filled with a Ne-0.2% Xe-Penning mixture at a pressure of 500 Torr.
The orange color was found to be typical of the standard reference condition

for this panel prior to passivation. However, the luminance was about 1.8
times higher and the pixel resolution was quite poor (Fig. 5). In addition,
the firing voltage increased by more than a factor of two, reflecting the
change in the electron emitting internal surface from MgO to MgF 2 .

a) XeF Base Mixture: By increasing the Xe concentration from the - 0.2%
typical of the Penning mixture to a few Torr, and after the addition of
approximately 1 Torr F2, the color changed from orange to pink with an
increase of luminance level. For example, for a mixture comprised of

Ne+0.6%Xe+0.2%F 2 at 500 torr the luminance level was approximately twice as
high as that of the standard Ne-Penning mixture/MgO surface combination
operating at the same repetition rate (i.e., 50 kHz). Although the
luminance was not unduly sensitive to the specific Xe and F2 concentrations,

the maximum luminance observed occurred for Xe and F2 concentrations of about
1% and 0.2% respectively. Figure 20a shows the spectrum for this XeF mixture,
which will be referred to in all subsequent discussion as the "base mixture".
The addition of F2 had very little effect on the Ne line emission compared

with that of a Ne-Penning/MgO combination, resulting in only a 20 percent
decrease in luminance. However, in addition to the Ne emission, there
appeared the continuous XeF(C*A) excimer emission spanning most of the visible
region. The XeF(C+A) spectral shape of Fig. 20a is typical of the emission
from many XeF(C) vibrational levels (i.e., TV >> 300 *K, Fig. 19). The
combination of the Ne reddish-orange color with the nearly "white" XeF(C A)
emission results in the observed pink emission at a high luminance level.

b) Ar and Kr Addition: As explained previously, Ar and Kr are known to
be much more effective than Ne at relaxing XeF(C) vibrational levels.
Addition of 25-75 torr of Ar to the Ne-Xe-F 2 mixture of Fig. 20a was found to
diminish the luminance somewhat and to change the color from pink to "white",
often with either a slight pink or blue tint depending on the specific Ar
concentration. Presented in Fig. 20b is a representative spectrum for a
mixture containing Ar. Clearly the intensity of the Ne line emission was
reduced significantly in this case, and the shape of the C A XeF emission was
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better defined, exhibiting a broad maximum centered at about 475 nm. With the
addition of Kr in place of Ar, this trend was further accentuated. Figure 20c

shows that with 100 Torr Kr added to a Ne-Xe-F 2 base mixture, the Ne line
emission was quenched almost completely and the XeF(C+A) emission exhibited
the shape typical of a nearly room temperature Boltzmann distribution (Refs.
20-22). In this case, the emission appeared blue and the measured luminance
was essentially the same as that of the Ne-Penning mixture/MgO surface combi-

nation operating at the same repetition frequency.

The data of Fig. 20 show that the spectral shape, and therefore the

color, of the XeF(C+A) emission can be changed by controlling the effective

XeF(C) vibrational temperature, and by combining XeF(C A) emission with Ne
line emission. The chromaticity diagram of Fig. 21 illustrates the range of
colors that have been observed and the approximate path through the color
regions corresponding to the combined suppression of Ne line radiation and
vibrational relaxation of XeF(C), both of which occurr in response to addition

of either Ar or Kr. Measured color coordinates for the mixtures of Fig. 20
are labeled a, b, c for the conditions resulting in pink, white, and blue

emission, respectively.

2. Electrical and Optical Properties

As mentioned previously, F2 passivation of the initial MgO panel surface

resulted in an increase in the firing voltage of the Ne-Penning mixture from

100 V to 250 V; the voltage margin was - 25 V for the initial MgO surface
and - 40 V for the passivated surface. For typical Ne-Xe-F 2 mixtures the
firing voltage increased to - 300 V but the extinction voltage did not change,
with the result that the memory margin increased significantly to - 80-90 V.
Addition of either Ar or Kr to the Ne-Xe-F 2 mixture further increased both the
firing voltage and the margin, with little change in the extinction voltage.

Presented in Fig. 22 are the pixel firing and extinction voltages as a

function of pressure for a representative mixture containing Kr. The firing
and extinction voltages and the margin exhibited a very weak dependence on
pressure in the 200-700 torr range for all XeF mixtures examined. Addi-
tionally, Fig. 23 shows that the voltage margin exhibited no significant
dependence on repetition frequency.

Figure 24 show the luminance dependence on repetition frequency for our
"base mixture". There is clearly some nonlinearity above 200 kHz. However,
the luminance in the 50 to 100 kHz range is two or more times that of the
Penning/MgO combination at 50 kHz, a value which is close to the upper

operating limit for conventional panels.
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Electrical and optical properties of representative (but not optimized)
XeF-based mixtures are summarized in Table I, which also presents the compara-
tive characteristics of our Ne-Penning/MgO reference panel, along with the

properties of a Ne-Penning/MgF 2 panel. In the table, the designation "poor"
resolution refers to near overlap of lighted regions of adjacent pixels, .

$good" refers to a discharge small compared with pixel spacing, with "fair"

referring to an intermediate condition, as illustrated in Fig. 5.

3. Durability Measurements

Long-term durability remains a key issue. We now are optimistic that a
saturated fluorine compound (such as MgF 2) provides an adequate inner surface

within the discharge region, provided that there are no other "sinks" for the
F2 (or F) that will result in the gradual consumption of F2 over time. To

evaluate F2 lifetime, it was found that observation of the temporal change of
the 1931 CIE x,y color coordinates was the most reliable and convenient
technique for measuring decrease in the F2 level. In this work an initial
XeF "base" mixture was used resulting in pink emission (x 2 0.42, y 2 0.35),
Figs. 20a and 21. The gradual temporal evolution of the x,y coordinates was
carefully monitored until the emission became orange (x 2 0.60, y 0.39), a

condition indicative of the complete disappearance of F2.

Measurements were carried out using two modes of operation. The "OFF
mode" corresponded to the panel left off most of the time, and lighted (in a
1" x 1" test patch) only for the time required to measure x and y, i.e.,

< 1 min. This procedure provided a measure of the loss of F2 due to sinks

other than the discharge surface (e.g., edge seals), assuming that the
interior surface is well passivated. The procedure used for the "ON mode" was

similar, with the important exception that the test patch remained lighted
throughout the entire experiment so as to reveal additional effects at the
surface exposed to the discharge.

Three panels were evaluated using these procedures: an F2-passivated MgO
panel, and two specially fabricated panels having inner layers of A1203, and
MgF 2 , respectively. The latter two panels were custom-made for UTRC by
Electro-Plasma, Inc. The E.P.I. panels were constructed with a coated "dam"
(i.e., either A120 3 or MgF 2) made of spacer material surrounding about 90% of
the peripheral inner region. Except for a small gap to the pumpout port, the
dam served to shield the panel edge seal material from F2. A1 20 3 and MgF 2
were selected as inner layer materials based on the experience of the excimer

laser community (Ref. 24) showing that A120 3 and MgF 2 films offer good protec-
tion of optical elements continuously exposed to F2-containing gas mixtures

similar to those of the present work. Additionally, A1 20 3 was expected to
have electron emission characteristics generally similar to those of MgO
(Ref. 25).
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TABLE I
Typical properties of XeF-based display mixtures

Relative Mid~mrgin Relative
bind- susthI Voltag CIE 1931 Resolw- himinous

Mixture nanco* voltage Margi color x~y tioe of ficioncy*

Me Peningfi 1 100Y 25 V Orange 0.60.0.39 Good I

He Paningfl 1.0 240 40 Orange 0.60,0.39 poor 0.3

XeF base 2.1 2650 90 PInk 0.47,0.35 Febr 0.3 4

Base + 1.4 200 90 Piks .0.2 Far 0.3
5% Kr _____ - wte 02 F 01
Ba0s 1.1 300 95 0.33.0.21 Good 0.12Base +Kr 1 0 wilite I___I
Base + . 31 11 Ble 01..2 w 1 0.20% Kr 31 1 0 Sa 17,2 Go .

elelattve hadnanee sol relative h.wsum effitieny we mammud relative te a standard test panel
(Ne Peom"~ wdslwelgO @wise*) operatig at So kHa. The X.U Sam udtWo Is eamyrteed of
go -3T Xe. -iTF 2 at a telpeaeof $06Thwe11tllepartlelpressmebs*.aae addd. -

5J
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All of the measurements exhibited time dependent color coordinates x,y
which followed an almost linear path from the initial pink emission to orange,
i.e., complete F2 loss. Therefore, it is convenient to use normalized plots

of percentage change in the x,y coordinates as they vary with operating time.
A plot summarizing the results presented in this manner is shown in Fig. 25.
Qualitatively, the time-dependence of the "OFF" mode is not radically

different for the three panels, suggesting that the F2-sinks external to the
interior discharge surface region are similar in all three, and that the "dam"
shielding the edge seal had relatively little effect. However, the temporal

decay profiles for the panels operating continuously ("ON") were found to be
significantly different. The F2-passivated MgF 2 panel decays more rapidly in
the ON mode than in the OFF mode (Fig. 25a), suggesting that operating the
discharge is converting some MgO to MgF 2, with a corresponding loss of F2.
Additionally, discharge operation results in the generation of F atoms
(Eq. 5a) which may have a higher and/or different reactivity with the passi-
vated surface than that of F 2 molecules.

The difference between "ON" and "OFF" mode operation was dramatically
different for the A1203 panel (Fig. 25b). Although A1 20 3 has been found to be

an excellent protective film for laser applications (Ref. 24), loss of F 2 was
practically instantaneous when the AI203 coated panel was operated continu-
ously. This rather surprising result suggests either a very high reactivity

of A1203 with F atoms, or discharge induced surface damage. Another possibil-
ity that cannot be ruled out is that the A120 3 film was flawed. The latter

explanation seems unlikely, since A1203 is often used for purposes such as
this, and E.P.I. has experience depositing high quality A120 3 for plasma panel
applications. In any case, our A1203 test panel was found to be entirely
unsatisfactory.

M The situation was found to be substantially more encouraging when the
MgF 2 panel was tested (Fig. 25c). Initially, the ON mode performance was not
very different from the OFF mode for the MgF 2 coated panel. However, after a
number of runs some difference was observed, and a clearly visible deposit
appeared at the location of the discharge patch. We believe this patch to be

pure Mg left after the F2 sputtered from the patch by the discharge was
gradually consumed at some external site(s). In view of our earlier results
with Xe-O 2/XeO excimer mixtures using an MgO panel, ("high/low conditioning"

(Section Ill-B)), it is not surprising that there is exchange of F 2 between
the gas and the MgF 2 surface. What appears to be different in this case is
that the F2 can be consumed while the excess 02 in the XeO case could return
to th MgO when the discharge was extinguished That is, the O2/MgO reactions
are nearly fully reversible while the F2/MgF 2 reactions are not. Nonetheless,
our experience with the MgF 2 panel has to be viewed as encouraging, indicating

that MgF 2 may be an acceptable long life interior coating, provided that means
of completely passivating all internal surfaces (including the pumpout port
and edge seal) can be devised.
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Figure 25. Temporal evolution of C.I.E. 1931 x,y coordinates

for a mixture initially comprised of 500 Torr Ne, 3 Torr Xe

and I Torr F 2, operating at 50 kHz. These data were obtained

using three different panels: an F 2-passivated MgO panel (a); .

a panel fabricated with an Al 203 inner surface (b); and a

panel fabricated with an MgF2 inner surface (c). As

described in the text, the designations "On" and "Off" refer

to whether or not the panel was operating throughout the

entire test period or just at the time the chromaticity

coordinates were measured.
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V. SUMMARY AND DISCUSSION

A. Excimer Concept

Since the time ac plasma panels became practical in the 1960's, workers
have been searching for gas mixtures capable of producing colors other than

the well known neon-orange characteristic of Ne-Penning mixtures. The history
of this effort is reviewed briefly in Section 1. In this research we have
been investigating an entirely different alternative to the excitation of
stable gaseous species which subsequently fluoresce. Based on our background
in excimer laser technology, we have carried out an investigation of the
feasibility of utilizing visible excimer molecule fluorescence for display
purposes. Because large area ac plasma panels based on the Owens-Illinois
DigivueTM design (Ref. 1) have become a well developed industry standard, we

have concentrated our research on plasma panels of that type. It should be
recognized, however, that restriction of our research to that specific panel

design represents an important limiting factor in the evaluation of the
viability of the excimer display concept.

After an initial analytical and experimental evaluation of potential
excimer candidates, we focused our attention on two: XeO (green) and XeF

(blue-green). No doubt, the single most significant outcome of our research
was the demonstration that visible fluorescence from these excimers can be

generated at a luminance level equivalent to that of the standard Ne-Penning

mixture, using a unmodified ac plasma panel of conventional design. At
the beginning of the program, it was by no means certain that such would be
the case.

B. XeO

The XeO excimer is produced in mixtures comprised of Xe and 02. Both Xe
and 02 are species that should be compatible with conventional plasma panel

4 materials, and that was felt to be a distinct advantage. Moreover, Xe at

pressures of a few hundred Torr had been used in the past as a source of UV in
research directed toward evaluation of phosphor excitation (Sec. I). Thus, it
was felt that the electrical properties of Xe-0 2 plasma panels would be satis-

factory, although a higher operating voltage was anticipated.

After overcoming a considerable amount of experimental difficulty arising

from the complex interchange between surface and gas phase 02, XeO green-band
luminance levels comparable to those of Ne-Penning mixtures were obtained,
albeit at a pulse repetition frequency approximately five times that of the
Penning mixture (Figs. 12-15). The relatively large 02 fraction required for

XeO formation, combined with the complex gas-surface chemistry referred to
IL

%K.
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previously, apparently had a very significant adverse affect on the electron
emission characteristic of the MgO surface, as manifested by a undesirable
voltage-pressure dependence (Fig. 11). Z

Although the XeO luminance was acceptable, the high repetition rate and
high voltage level required are indicative of a luminous efficiency very much
lower than that of Penning mixtures. We have learned that there are funda-
mental reasons for the low efficiency: O(OS), the precursor of XeO, is
produced with a low (- 1%) efficiency in electric discharges, and 0 2(aAg),
the primary collisional deactivator of O(IS), is produced so efficiently that
its fractional concentration reaches a level on the order of 10-20% of the
original 02 fill pressure. These two factors combined have a severe adverse
effect on XeO luminous efficiency. There is no doubt that if a more efficient
source (other than 02) of discharge excited O('S) could be found, or if
kinetic or surface means of reducing the 0 2(alAg) concentration could be
devised, both the absolute luminance and luminous efficiency of XeO emission
could be significantly increased. Solutions to these problems represent a
formidable task, however.

Finally, it should again be pointed out that XeO luminance increases as
the square of the pressure (Fig. 15), while the power consumption varies some-
what less than linearly with pressure. Therefore, significantly higher
luminance and luminous efficiency levels would be possible if operation at
pressures above atmospheric were practical. For example, the trend of Fig. 15
indicates that operation at - 1.5 atm would result in XeO luminance approxi-
mately equal to that of the Penning mixture, with both operating at the
same repetition frequency. Reduction of the panel gap spacing by - 50%
would result in about the same voltage levels. Consideration of such factors, •9
along with the exceptional match of XeO fluorescence with the response of the
eye, suggests that XeO may have potential for a limited number of display
applications for which green emission is required. However, it seems safe to
conclude that an excitation structure significantly different from the ac
plasma panel would be required.

C. XeF

The XeF excimer is produced in mixtures containing Xe and F 2, and we knew
at the outset that XeF production would be very much more efficient than XeO
formation, provided F2 at the required concentrations could be retained in the
gas phase. In fact, we found working with F2-containing mixtures to be far
less of a problem than expected, at least as far as short time (- hours)
operation is concerned. Moreover, some unique and unexpected performance
features associated with XeF mixtures were discovered.

4-
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A variety of colors ranging from pink through "white" to blue have been
produced in an ac plasma panel by combining neon line emission with very
broadband XeF excimer emission (Fig. 21). A specific color or white can be

obtained simply by changing the relative proportions of the rare gas mixture
constituents. Moreover, although no attempt was made to optimize the concen-
trations of mixture constituents, the luminance levels of XeF-based mixtures %
were found to be at least equal to, and in some cases significantly higher
than those produced by the Ne-Penning mixture/MgO surface combination of our
reference panel operated at the same repetition frequency.

The ability of our XeF mixtures to produce emission over a large portion
of the visible spectrum suggests that additional flexibility can be obtained
using various filters. Also, color ac plasma panel displays without the use
of phosphors may be a possibility by combining the broadband visible emission
of XeF-based mixtures with some sort of fast optical switching device, or by
using an array of micro-filters to form a pixel.

The qualitative dependence of ac panel ignition and extinction voltages

on pd and the voltage memory margin are favorable for XeF mixtures (Fig. 22).
However, the voltage level is approximately three times higher than that of
the standard Ne-Penning/MgO combination, due primarily to the nature of the

fluoride inner surface. Thus, the luminance efficiency is lower than that of
the standard panel. This factor is partially offset for mixtures having a
luminance that is higher than that of the standard system, thereby permitting
operation at lower repetition frequency. Since further increases in luminance
are likely as optimum XeF mixtures are identified, an improvement in luminous

efficiency seems certain. Nonetheless, the higher operating voltage is
disadvantageous, and means to reduce the voltage level are definitely worthy
of consideration.

Without doubt, the key issue that will determine the viability of XeF-
based plasma displays is device lifetime using mixtures containing F2, whether
using a panel of the Digivue'" design or some other structure. However, this
problem is probably not as formidable as it might seem at first, an observa-
tion supported by our initial experience with an F2 passivated ac panel of
conventional construction, and most recently with a panel constructed with an
MgF 2 inner layer. During the last few years extensive research has been
carried out by the laser community to identify optical and discharge materials
that do not react with F2, or can be thoroughly passivated against F2 attack
(Ref. 24). In certain rare gas fluoride laser applications very long device
lifetime is as important as in the case for displays, a problem that is

greatly complicated by the fact that in lasers numerous materials are usually
in contact with F2 . Additionally, laser system configuration is exceptionally
complex compared with typical display envelopes. Indeed ac plasma displays of
the type used in this investigation feature very simple inner structures in

47



R87-926489- 9

which few different materials are actually in contact with the gas, and only

one is in contact with the discharge. It seems reasonable that with minor

changes in design or fabrication, only a single material need be in contact

with F 2.

Although the comprehensive investigation required to address and solve

these materials problems is beyond the scope of the present investigation, we
conclude that XeF does have potential for development as a plasma display

medium. In order to justify the additional effort and expense required to

capitalize on XeF properties, it seems likely that a concept must emerge that
has wrl recognized potential for a full color (or multi-color) display.

%
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Plasma Display Based on XeF Excimer Fluorescence

FRED A. OTTER. JR. Am) WILLIAM L. NIGHAN. sI NioR Mi im8-. it I

Abstrac-l sing a conventional ac plasma panel filled with a mixture Sahni [5] also experimented with mercury-seeded argon
containing Xe and t:. visible emission from the XeF "excimer" mol- mixtures. Blue and green Hg line emission was produced
ecule has been demonstrated at luminance levels higher than those ob- at luminance and efficiency levels significantly higher than
served for the standard Ne-Penning mixture/MgO surface combina-
tion operating at the same repetition Irequency. A novel aspect of XeF those of Ne-Penning mixtures. Additionally, the firing
excimer emission is the ability to change color by a simple change in voltage and memory margin were similar to those of con-
mixture compusitiun. Color can be varied continuousl. from pink ventional Ne-based mixtures. However, although the lu-

through sshite to blue while retaining the luminance at an essentiall. minance and luminous efficiency levels were the highest
constant lev el. iacanluiosefcecleeswrthhget

ever obserned for an ac plasma panel mixture. elexation
of the panel temperature was required to optimize the Hg

A. BackgroundN vapor concentration. Because of the strong dependence of
A. Background Hg vapor pressure on temperature, both electrical and op-
B ECAUSE of the uniquely favorable electrical and op- tical properties of the Ar/Hg panel exhibit variations in

tical propertic, of glok discharges in neon, practi- response to changes in temperature.
callh all commcr,.iall axail.ble flat-panel plasma dis-
play s use a neon gas fill [ I]. Indeed. in ac plasma panels B. Erciier Mixtures

the combination ot the Aell known Ne-Penning mixture In recent Nears we have been exploring the feasibilit.
with the effi,,itnt durable MgO electron emitting layer re- of utilizing excimer molecule fluorescence for ac plasma
sults in a %erN lovs firing voltage ( - 100 V) and a rela- panel applications [6]. [7]. Excimers are excited species
tiel\ high luminous efficiency ( - 0.5 percent) [2]. [3]. that are not stable in the ground electronic state and there-
Howseser. the neon transitions in the 580-700 nm region fore are not present in the initial gas mixture. However,
of the spectrum produce a reddish-orange color that is not when a discharge is initiated excimers can be produced
suitable for all applications. Therefore, it would be highlN from certain mixture constituents, subsequently generat-
desirable if gas mixtures capable of producing other colors ing broadband visible emission upon spontaneous disso-
could be found. sshile retaining the advantages of the noss ciative decay. Using an ac plasma panel of conventional
well de\eloped ac plasma panel technology. design, in our prior work we demonstrated broadband

Since practicall\ all gas discharges emit visible radia- blue-green emission from the Xe2 CI excimer produced in
lion. in principle, the easiest \&ay to generate colors other mixtures containing Xe and Cl, I61. and broadband green
than Ne orange Is to changc the gas mixture.' Ahearn and emission from XeO produced in Xe-0 mixtures 17]. Al-
Sahni 14J investigated helium-based Penning mixtures though those early results were encouraging. the electmcal
containing a variety of hea\ rare gas and 'or atmospheric and optical properties of Xe,Cl and XeO mixtures do not
dopants. When excited usine a conventional ac plasma rival those of the Ne-Penning mixture. However. the XeO
panel (MgO surfaceL those mixtures exhibited electrical emission is centered at 540 nm and is therefore excep-
characteristics and luminance levels generally similar to tionally well matched to the response of the eye. For this
Ne-Penning mixture, and %iolet. blue. and white colors reason XeO emission ma) be useful for limited plasma
were obtained. However. in order to produce luminance display applications for which green is especially desir-

levels comparable to that of a Ne-Penning mixture exci- able.
tation frequencies an order of magnitude higher were re- Recently. we have turned our attention to the XeF ex-
quired. Thus. the luminous efficiency of such He-based cimer which exhibits broadband emission centered at
mixtures is ver. lo&, a reflection of the fundamental fact -475 nm. and can be produced in mixtures containing
that only a very small percentage of the fluorescence lies Xe and F,. Using a variety of mixtures we have demon-
in the visible region strated ac plasma panel luminance levels higher than those

of the standard Ne-Penning mixtureiMgO surface com-
Manuscnpt received Dc:mhcr2. 1985. rcvised Ma% 2. 1986 This work bination excited at the same repetition frequency (50

was supporled by the U S Arm, Research Otfhcc kHz). Although the expenments camed out to date re-
The authors are with the Unied Technologies Research Center. Eastq

Hanford. CT 0610h quire operating voltages higher than those of the Ne-Pen-
IEEE Log Number 8609542 ning/MgO combination. resulting in luminous efficiency
'Othef colors can be produced b.\ using gas discharge generated elec. levels that are presently 11 to M' times lower, the reduce~d

Irons or U%' radiation to excite phosphors This aspect of flat-panel gas

discharge displays will not be considered here (see I I land references cited efficiency level is predominantly the result of changes in
therein) the MgO electron emitting layer as modified by the pres-

0018-9383/86/0800-117450.00( © 1986 IEEE
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OTTER AND NIGHA% DISPLAY BASED ON XcE EXCIMER FLLORESCENCF. 1175 'N
ence of F.. rather than a fundamental limitation of the x * F2

excimer gas mixture. Indeed, the luminous efliciency lev- Xel + F * G

4els of Ne-Penning mixtures and XeF excimer mixtures &

are comparable for the same interior panel surface con-
ditions. Moreover. XeF-based excimer fluorescence ex- I V. 0-0

hibits a range of colors continuously variable from pink h 0-0 r

through white to blue by way of very simple mixture
changes. Thus. various colors. and possibly multicolor A

1  
Xe, F

operation. may be possible within the basic framework of neucarspato
current ac plasma panel technology or reasonable exten-inencareprin
sions thereof. In the sections to follow the physics of XeF Fig. 1. Potential energy diagram Illustrating XcF It Aind 4(Q

excier frmaion s decried biefy, aong ishourex-. Reactions 3a and 3h5 resulting in the formation ot XeF.CI, in highexcier ormtio is escibe brefl. alng ithourex- vibrational levels are indicated
perimental results and a discussion of materials issues.

1I. XeF E\cjIER KlNETlCS mation of XeF B and Cm ivy high vibrational levels 191,
A. XeFFormaion 1101 as indicated in the figure. Although not show n in Fig.
A. Xe Formtion1. the XeF(B potential curve is nearly coincident with

Throughout the past decade research interest in the that of the C state. ilith the C state I\ nI appro-.imatelv
phvsics of excimer molecules has been intense because of 0. I eV lower in enerx For this reason. collisions kitith
their uiilitl. .is LVI visible laser mcedia. Of this class of background rare gas atomns rapidi transfer energyi be-
molecules, the rare Las halides ha~e received the most tween the vibrationalli, eiocitedXFBan C tts
attention because of their unusuali. high formation effi- stogyfvrigpplto bulu of d eC sira

ciencil %ihen produced in an electric dicharie 191. The pri- tional relaxation of XeF B and C. also) the result ot col1-
mary rare pas halide transitions are in the UV recion lisions \kith the backgrounid gas. ocur inlultaneol.]NIi

III(-31 mill. \%lit thc cillcepiion lit \J[ \\hich also) ih the XeFiCi population h)uildu file to B I~il
exhibits a sirong ii \%jelength transition. 191. 1 101 For the high pressuire. i,, pica1 oit laser .ipplica.-

In a discharge ecitcd mixture comprisecd of a rare gas lions (p > 2 attii . nearix ciiplcte %trational rela \at ion
background iRG) and smail arrounts- j < I percent) of Xe: Occurs, in a time much less,, than the III-n radiatc life-
and F-. the till lowest energy ionic states of XeF. Bfi tieo=e(.I htcs, omtmeaueBl
0) and 09 =~ are produced primarily by way of the mann vibrational distribution is established prior to XeF(C
following reaction sequence: A) radiative decay, and a broadband C - . emission

c - e X* - Ia) spectrum centered ai - 475 nmn results. ha, ink! a spectral
\1idth of' -70 nm iFW'HM 191-1111 Ho\Ae'er. for back-

-Xei 2t, (lb) ground gas pressures beloil I atmi. the pressure range ot
__- ie-X*+R 2) nterest for displails. the time required for XeF(C \ ibra-

RG~ X Xe*+ RG(2a) tional relaxation is approstimate the same as the 101In
-Xc* - e + RG (2b) spontaneous decail time. \%ith the result that the tol pro-

Xe* - F. XiFB C) - F (3a) cesses occur simultaneously. Because higher '.ibrational
levels are then i ni.oIed iIn the C -. 4 rad iat i %e process.

Xe + F + RG -XeF(B. C) + RG. ONb and since the terminal XeF.4) state passes close to -

XeF(C at reduced internuclear separation (Fig. I ) bothUltraviolet and visible emission results from radiativ Ie shouier and longer ~Awelength emission results+ The
transitions termiinating on the dissociating Xe F broaenin effect on the viilpectrumn Ahen high

and ~f) ~)stats, rspetivey. ie..XeF(C) vibrational level contribute to the C .4fiuo-

XeF(R) -XcFiX) - lIt .351 nmi (4a) rescence (i.e.. To >> 300) K) is illustrated in Fitz 2.N
XCFII X~t.l h-. (E-(X)nn 4bt Vibrational relaxation tif the XeF B and C state miani-XeF() -XeF(I) li,. 4X'-(X) in 4h)folds has been studied exotensitelt, 191. 1111 and it has

The UV transmito is of interest for laser applications 191 been found that for background gas pressures less than
and will not be discussed f-anhor - atmospheric Ne and He are relaineli inetteotise at relai-

Ing the XcF C) %brational Ilel Hosi e~ r. .. r and Kr
B. XvF Vibirtirioal Rehmritio, are iii~ much more efiectis e. panicularl'. Kr Since the

Fig. I illustrate the XcF C and .4 potential curxeso)f* presence of Ar or Kr IS Jlso ioitlpatible vith efficient \ci-
present interest. Reactions i3w and i 31) result in the for- formiation I181. this indicate, that the deprc oit \cf i C i

olibratlional relaxation Ii c . 1, 1. can hc ioitroillcd ht. u-I
dicious selection oif rare Leas background consituents

-The 151 nni *.iseiengih ,I tihe VIIt- X i ran~iion Iig'nitikanili, Ths e( )seta propertenn' heeoeds
longer than the rire Va. dimer cm,..i < Zix1 ni ownI tjs d ii ,ti 5Tu.XFC--) pcrl isadteeoed
pholiplir. And mus he wAell uiled til thii Aiplitaiorn citthr Alone or in playl color can be iaried hil simipli. chjrIn the pNi nuit.
,ionjunition %aih the N .ieil \cIFi ( 4 trjn~giiion lure
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Fig 2. Illustration of XeFlC -A emmssion from loi and high vibrational .
levels, and the broadening effect of the latter on the C - A spectral Fig. 3. Illustration of the basic structure of the ac plasma display panel

distnbution. developed by Owens-Illinois (see Ref. I). The MgF. passivation layer
on the inner surface is indicated.

III. EXPERIMENTAL PROCEDURE

Two Owens-Illinois-developed ac plasma panels (sealed
with a Penning gas mixture) %ere used in the present ex-
periments. These test panels. illustrated in Fig. 3, have
an electrode linewidth of 0.003 in (0.076 mm) on 0.019
in (0.48 mm) centers: the gas gap was 0.0038 in (0.096 ¢ouectim©crcle
mm). The electrical and optical properties of both sealed 0.001 In.

panels were full) characterized and found to be the same.
One sealed panel was resered as a reference standard for -0oo".. S... -
subsequent comparison with the other, which was opened -"
and connected to a gas-handling system. The gas-han- L-dling system was constructed of bakeable ultrahigh-vac- .,
din systmowants conrued fb aeble pumtpihghsyvtc Fig 4. Orientation of the light collection circle used in luminance meca-
uum components pumped by a flexible pumping system surements as descnbed in the text. The shape and size of illuminated

that included a turbomolecular pump, a cryopump. and an pixels relauve to the measurement circle is also illustrated Vanous pixel
ion pump. A magnetically rotated stirring vane ensured shapes corresponding to our subjective evaluation of resolution qualit)

good mixing. and a residual gas analyzer permitted "be- arc also indicated (see Table I and text,
fore-and-after" analysis of gaseous contaminants. A sim-
pie square wave electrical driver of variable frequency was mm) diameter circle centered near one pixel in the middle
used for all experiments. The voltage rise time for the of a lighted 1.0 in (25.4 mm) x 0.5 in (12.7 mm) patch
driver was less than 100 ns for the highest voltages, a time as illustrated in Fig. 4. This circle size was chosen be-
short compared with the period even at 200 kHz; the width cause it represents the approximate limit of spatial reso-
of the current pulse was less than 300 ns. lution of the eye at a viewing distance of 21 in (53 cm)
A. Surface Passivation i.e., I minute of arc). A United Detector Technology

Prior to experimentation with XeF mixtures, the inte- (UDT) model 1120 Reflex Viewing Module was used with

rior surface of the test panel was fluorine passivated by a 10 x objective lens in order to image the light from the
filling the panel with several hundred torr of a He-5-per- 0.006 in (0.152 mm) source circle onto a detector. Care

cent F, mixture which remained in the panel for several was taken to orient the module so as to collect light emit-

days. We believe that this procedure converted the first ted in a direction within a couple of degrees of normal to

few monolayers of the interior MgO surface to MgF2, and the panel surface. The detector, a UDT Model 255 Si de-

passivated the gas-handling system as well. Regarding the tector (serial no. 864). was connected to a UDT model

effect of F, passivation on other interior materials such as 550 Fiber Optic Power Meter. In front of the detector was

the glass edge seal and the connection to the gas-handling a UDT Model 1157 photometric filter designed to give the

system. subsequent experimentation revealed that the pas- system a wavelength sensitivity within ±2 percent of the_,I-
sivation was not perfect. However, temporal changes in CIE photopic eye response curve.
rd 2) Spectral Properties: Emission spectral content was
electrical/optical properties, implying a change in F2 con-
centration, were not observed until after several hours of determined using a Jarrell-Ash 82-020 J-m McPherson-
continuous operation. which was more than satisfactory type scanning monochrometer. The slits were set to cor-
for the present purposes. Considering the nature of the respond to an instrumental line width of 6 A in order to
experimental arrangement and the fact that panel interior produce sufficient detector signal in the broadband re-
materials were not intended to be F2 compatible. we con- gions of the XeF(C - A) spectrum. Light was conducted
sider the observed behavior to be encouraging. from the panel to the monochrometer input slit using a 3-

in-long light pipe. The transmittance of the light pipe was
B. Emission Characterization about 95 percent and was relatively constant over the

I) Luminance: Measurements of luminance were made wavelength range of interest. The detector was a UDT-
by collecting the light originating within a 0.006 in (0.152 555 "Photop" silicon photodiode with a built-in op-amp, e"
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the output of which was recorded on a Moseley 680 chart 10

recorder at the rate of 250 A/min. The spectra were not
corrected for the wavelength dependence of the detector
sensitivity, which changed by only -50 percent through-
out the entire visible region. 4

IV. RESULTS 2
0-Ne Penning/hO1 5(0 kHz

A. Emission Properties 0
0 50 100 150 200 2so 300

After completion of the passivation procedure de- Repetition frequency. kHz

scribed previously, the passivated test panel was filled Fig. 5 Variation ol the relatise luminance with square ,a'e repetition
frequency for a representative (hut not .ptimtzedi mttture comprised ot

with a Ne-0.2-percent Xe-Penning mixture at a pressure Ne. 3-torr Xe. and I-torn F, at a total pressure of 500 tor For these
of 500 ton'. The orange color was found to be typical of conditions, pixel color was pink. The data points are normalized A,,th

the standard reference condition for this panel prior to respect to the luminance measured at 50 kiH; for the standard Ne -Pen

passivation. However. the luminance was about 1.8 times nwng mixture'MO surface combiation ot ,,ur reteren.e panel

higher and the pixel resolution was quite poor. In addi-
tion, the firing voltage increased by more than a factor ofI
two reflecting the change in the electron emitting internal (a)

surface from MgO to MgF,.
I XeF Base Mirture: By increasing the Xe concentra-

tion to a few torr and after the addition of approximately o li nes

I -torr F, the color chanced from orange to pink with an xeF
increase in luminance level. For example, for the mixture ibi C-A B-
conditions of Fieg. 5 the luminance level increa,,ed b', more L..'...J~ ....
than a factor oftwo otter that of the standard Ne-Penning e"

mixture MgO ,,urface combination operating at the same J.
repetition rate (i.e.. 50 kHz). Although the luminance %as
not unduly sensitive to the specific Xe and F2 concentra-
tions. the maximum luminance obtained to date occurred ____" _'- _ "___

700 650 100 550 SO0 450 400 350for Xe and F, pressures of about 5 and I torr. respec- Wavelength. nm
tively. Thus. while the results shown in Fig. 5 are rep-
resentative, they pertain to a less than optimum mixture. Fit! 6 Measured spectral pro petic, hr the tI -- n. ' x I hBr ' ' i ' '

(al Ne. 3 -h rr Xe. and I- trr I- pinki. ihi t, I, il \ o, I , r I mdAnalysis of the spectrum of Fig. 6(a) shows that the 50- Ar '"* AhItc"'. i . %c. I t ,rr I t ,rr F a nd I (M I kr ,1 u,,-

addition of F., ha s very little effect on the Ne line emission
compared to that of Ne-PenningiMgO combination. re- q
suiting in only a 20-percent decrease. However. in addi- Ne-Xe-F, mixture the Ne line emission is quenched a!-
tion to the Ne emission, there appears the continuous most completely and the XeF(C - .4) emtssion exhibit',
XeF(C - A) excimer emission spanning most of the vis- the shape typical of nearly room-temperature Boltzmann
ible region. The XeF(C - A) spectral shape of Fig. 6(a) distribution 191-I Il1. In this case, the emlission appears
is typical of the emission from many XeF(C) vibrational blue and the measured luminance is essentially the same .-.

levels (i.e.. T, >> 300 K). The combination of the Ne as that of the Ne-Penning mixture/MgO surface combi-
reddish-orange color with the nearly "'hite" XeF(C - nation operating at the same repetition frequency.
A) emission results in the observed pink emission at a high The data of Fig. 6 show that the spectral shape. and %
luminance level, therefore the color, of the XeF(C -- 4 emission can be -

2) Ar and Kr Addition: As explained previously. Ar changed by controlling the effective XeFtC) vibrattonal
and Kr are known to he much more effective than Ne at temperature. and b% combining XeFiC - .41 cnmission
relaxing XeFt C) % ibrational levels. Addition of 25-75 torr with Ne line emission. The chromaticilt diagram of Fl
of Ar to the Ne-Xe-F mixture of Fig. 6(a) was found to 7 illustrates the range of colors that have been observed
diminish the luminance somewhat and to change the color and the approximate path through the color regtons cor-
from pink to "',hite.' often with either a slight pink or responding to the combined suppresston ot Ne line radta-
blue tint depending on the specific Ar concentration. Pre- tion and vibrational relaxation of XeFtC ). both of which
sented in Fig. 6(b) is a representative spectrum for a mix- occur in response to addition of either Ar or Kr.
ture containing Ar. Clearly the intensity of the Ne line
emission is reduced -significantly in this case and the shape B. Elctricd Prolp'Prt,.
of the C - A XeF emission is better defined, exhibiting As mentioned pre',touslx. F, passiation of ihe initial
a broad maximum centered at about 475 nm. With the MgO panel surface resulted in an increase in the tlritt
addition of Kr in place of Ar. this trend is further accen- voltage of a Ne-Penning mixfure from - I(X) to 250 V:
tuated. Fig. 6(c shows that with 100-torr Kr added to a the voltage margin Aas - 25 V for the initial Me) surtace
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th '3II~r'mt-tstganilsratgh Fig9. Variation of firin(; ,)andextintioni vltages wih repei.

Fig Adptaionof te 131 IE hro iticix iagam llusratng he ionfrequenc) corresponding to the mixture of Fig 8 at a pressure of

andloctio ofthe arrow~ are intended to show the approximate path
thog h arious color regions ;n response to the addition of either Ar

or Kr t(t our XeF "base mixturc The letitr 'N' refers to a Ne-Pen- TABLE I
nin mixture and ai. bt. and Irete'r tothe ithsersed doirs corresponding TYPiAl_ PROPERTIES or XeF-BASi, DiSPLA't MI\1Tr ki-s
to inc spectra (it Fig 6 The spctral idth I FWkH M. corresponding to, _________________________________________________a
a near-room-temperature XeFIC) %ibrational distribution iblue emission) Reltv %i-agn eo-Rltv

ialoidctdlumi- sustain voltage Msl luminog.u
Mixture fiance* voltage margin Color lion efficiency'

ie Palnio i1iae 100 VN.Pnnn 1 IO 25 V Orange Good I

500 Ne Penning ia 240 40 Orange Poor 0.3 '.Ill 40
400. Von XeF best 21 260 90 Pink Fair 0.3

S300; V~t .r so 14 30 Pinkish Fi 01
25 T' Kr 1.4t 30 0Far 01

200 Peenni:ng V Aae4 1 30 g iit od 01
> Mg 2  so T it SOT 30r9 white od 01

100, -ePn9Mg of Base + 1.0 315 110 Blue Good 0.1

0 100 200 300 400 500 600 700 "Relieg luiSnta an4 ,eeiav .oirio-~ offciancy am. m.ralr reiative to a standard0es paelIk Pinnmin in filareligo suiacal oerating at 60kmz The XeF Ssc .& - aPressure, tort tare is comikk at ofeN - 3 7A. - 1 F al a total eear of 500 Torr, tiC. ai* partial

Ipil tur s fdiaella so K,is added
1 2 3 is 5 6 7

Pd. torr CM

Fig8 irng t, ian exintin .,,sotaes i sture as rpeV. SUMMARY AND DISCUSSION
tition friuen,:\ if 50 MH/ fir a r-uecomprised orf Nc. 0 111percent A variet,, of colors rnigfrom piktrog white" %

Xn~ V fo: er, theIi I pesiate K rfe For itr tepcicali Neisiml by chnigterlt.hog
%Iit:ekr it 50o 

5 prei rF tr ituete rissin to blue has been produced in an ac plasma panel b~i cot1- %

bining neon line emission with s-en broadband X eF ex-
cimer emission. A specific color or \& hite can be obtainedand 40 fo th pasw~td srfae. Fr tpicl N- siplyby haning he elaiveproportions of the rare gasX- mixtures the fiigvoltage increased to - 300 V. mixture constituents. Moreover, although no attempt was

bu heextinction voltage did not change. with the result made to optimize the concentrations of mixture constitu-
thttememory margin increased significantly to - 80- ents. the luminance levels of XeF-based mixtures were

ture. Addition of either Ar or Kr to the Ne-Xe-F. mix- found to be at least equal to. and tn sonmc cases signifi-
tuefurther increased both the firing voltage and the mar- cantdy higher than, those produced by, the Ne-Penning y

gnwihlittle change in the extinction voltage. mixture/MgO surface combination of our reference panel
Presented in Fig. 8 are the pixel firing and extinction operated at the same repetition frequency.

*voltages as a function of pressure for a representative The ability of our XeF mixtures to produce emission'5
mtxt ure. The firtng and extinctton voltages and the mar- over a large portion of the visible spectrum suggests that
gin exhibited a 'en- %kcak dependence on pressure in the addittonal flexibilit can be obtained usin2 %arious filters. 62(Xt-7W(-Iorr range for all XeF mixtures examined Ad- Also, color ac plasma panel displa,.s %% ithout the use of
ditionall%. Fig. 9 shosxs. that the voltage margin exhibited phosphors mail be a possibilit\ b\ combtntng the broad-
no %tgnihicant dependence oin repetition f'requenc\. band visible emission of XeF-'based mIxturcs %kith a fast

Electrical and optical properties, of representative (but optical switching device similar to the Tektronix liquid-
not optimized) XeF-based mixtures are summarized in crystal shutter, for example 112.
Table 1. filhich also presents the comparative character- The dependence of ac panel tgnition and extinctionn
istic% of our Ne-Penning 'MgO reference panel. alongilwith voltages on pd and the voltage memor\ margtn are fa\ or-
the properties of a Ne-Penning'MgF. panel. In the table, able for XeF mixtures. However, the voltage level is ap-.poor' resolution refers to near overlap of lighted re- proximately three times higher than that of the standard
Fions of adjacent pixels.-good' refers to a discharge Ne-Penning/MgO combination, due primaril\ to the na-
small compared wtth pixel %pacing. wilith ''fair'' referring lure of the fluoride inner surface Thus, the luminous ef-C
to an iniermediate condition, as illustrated in Fig. 4. ficiency is lower than thai of the standard panel. Thts fac-

57

* 6I



-J

OTTER AND NIGHAN DISPLAY BASED ON XeF EXCIMER FLUORESCENCE 1179

tor is partially offset for mixtures having a luminance that 141 W. E Aheam and 0 Sahni, "The dependence of the spectral and
is higher than that of the standard system, thereby per- electrical properties of AC plasma panels on the choice and purity of

the gas mixture," in SID Int. Svmp. Dig. Tech Papers. pp 44-45.

mitting operation at lower repetition frequency. Since in- 1978.

creased luminance is likely as optimum XeF mixtures are 151 0. Sahni. "Blue color AC plasma panel. in SID Ini Simp Di
identified, an improvement in luminous efficiency seems 1Tech Papers. pp. 82-83. 1980.i s s 161 W. L. Nighan and C. M. Ferrar. "'Excimer fluorescence for plasma
certain. Nonetheless, the higher operating voltage is dis- displays," Appl. Phys. Lett., vol. 40. pp. 223-225. 1982.

advantageous and means to reduce the voltage levels are 171 C. M. Ferrar and W. L Nighan. 'Excimer fluorescence for display

under consideration. applications." IEEE Trans. Electron Deiices. vol ED-30. pp 439-
443. 1983.

Without doubt, the key issue that will determine the 181 Ch. A. Brau. 'Rare gas halogen excimers." in Excimer Lasers. Top-

viability of XeF-based displays is one of device lifetime ics in Applied Physics.. 2nd ed.. vol. 30. C K Rhodes. Ed. New
York: Springer. 1984. ch.

using mixtures containing F-. However, this problem is 191 H. C. Brashears, Jr. and D. W Setser. "Transfer and quenching rate

not as formidable as it might seem, an observation sup- constants for XeF(B) and XeF(C) state in low vibrational levels." J

ported by our early experience with an F2 passivated ac Chem. Phys., vol. 76. pp. 4932-4946. 1982
of conventional construction. During the last few 1101 Y. C. Yu. D. W. Setser. and H Hortguchi. "Thermochemical and -panel kinetic studies of the xenon halide B and C states in 0 5-5 atm of

years extensive research has been carried out by the laser buffer gas." J. Phvs. Chem.. vol. 87. pp 2 199-2209. 1983

community to identify optical and discharge materials that 1111 R. Sauerbrey. W. Walter. F. K. Tittel. and W L Wilson. Jr, "Ki-

do not react with F,, or can be thoroughly passivated netic processes of electron beam generated XeF* and Xe2F* exci-
mer." J. Chem. Phys.. vol. 78. pp. 735-747. 1983.

against F. attack. In certain rare gas fluoride laser appli- 1121 R Vante. P A Johnson, Jr . and P J Bos. 'ALC CRT field-se-

cations very long device lifetime is as important as is the quential color display, in SID Int Ssmp Dig rech Papers. pp

case for displays, a problem that is greatly complicated 28-29. 1983.

by the fact that in lasers numerous materials are usually .
in contact with F2. Additionally, laser system configura-
tion is exceptionally complex compared with typical dis- Fred A. Otter. Jr.. was born in West Chester.

play envelopes. Indeed. ac plasma displays of the type -' PA. in 1928 He received the B S degree in en-
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